Abstract The antioxidant potency of various extracts and fractions from the leaves and stem of Epimedium koreanum Nakai was evaluated using three esteblished methods, specifically the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radica-scavenging activity assay, the inhibitory effect on lipid peroxidation induced by Fe 2+ /ascorbate (MDA) assay and the ferric reducing power (FRP) assay. The amounts of total phenolics and total flavonoids in the extracts and fractions were determined by spectrophotometric methods and the content of icariin was determined by HPLC. The results showed that all the extracts and fractions exhibited antioxidant activities at different magnitudes of potency. The leaf extract and fractions demonstrated superior antioxidant activity in most of the assays. The decreasing order of antioxidant activities among the extracts/fractions assayed through the three methods were found to be n-BuOH fraction>ethyl acetate fraction>ethanol extract>petroleum ether fraction>-water fraction. A positive correlation was found between the amounts of total phenolics, total flavonoids and icariin and DPPH radical scavenging activity (R 2 =0.9935, 0.9944 and 0.9997, respectively) and inhibitory activity on lipid peroxidation (R 2 =0.9987, 0.9830 and 0.9886, respectively). The results suggested that Icariin was one of the main constituents contribute to the antioxidant activity of Epimedium koreanum Nakai and the n-BuOH fractions of leaf extract might be valuable antioxidant natural sources.
Introduction
Over the last few decades, interest in functional foods has been growing fast, leading to the discovery of new functional components or processes that can improve food processing, as well as products that may help to retard aging or avoid diseases. Free radicals and active oxygen can induce oxidant damage. Lipid peroxidation, that involves a series of free radical-mediated chain reaction processes, is also associated with several types of biological damage. The role of free radicals and active oxygen is becoming increasingly recognized in the pathogenesis of many human diseases, including cancer, aging, and atherosclerosis (Chen et al. 2005) . So many studies have focused on the antioxidant activities by in vitro assays. Within the antioxidant compounds, flavonoids and phenolics, with a large distribution in nature, have been studied more comprehensively (Amico et al. 2008) . Recently, traditional Chinese herbal medicines have been taken as the focus of investigation for natural antioxidants due to broad distribution and diversity as well as low toxicity (Lin et al. 2011) . Epimedium koreanum Nakai has been used as a nutraceutical in functional foods or a phytopharmaceutical for preventing and curing some serious and fatal illnesses such as cardiovascular diseases, osteoporosis and to improve neurological and sexual function (Yu et al. 1999) . There were over 130 constituents had been reported in Epimedium, including polyphenols, polysaccharide, steroids, alkaloid, lignin. Fifty one prenyl flavonoid glycosides and eighteen phenolic acids were identified or tentatively identified using the Q-TOF-MS, and an ethylene glycol (Click OEG) column by Wang (2010) . Flavonoids was one of the most important contents of Epimedium and it had been shown to display a number of biological activities such as antioxidant (Giovannini et al. 2006; Sang et al. 2005 ) antiviral, antifungal (Friedman 2007) , anticancerous (Li et al. 2007; Fresco et al. 2006) antiangiogenic (Oak et al. 2005 ) and anti-inflammatory activities (Dryden et al. 2006 ). Icariin (C 33 H 40 O 15 ; molecular weight: 676.67, ICA) was one of the main flavonoids of Epimedium koreanum Nakai and it was always used as the standard for the quality control of Epimedium related remedies. Icariin was reported to have multiple activities including vasodilatory effect on the coronary vessels by its inhibition on Ca 2+ channels (Middleton 1998) , cardioprotective effects during ischemia and reoxygenation (Behera et al. 2008) , improving the spatial learning and memory abilities in aluminum-intoxicated rats and decreasing the level of Aβ 1-40 in the hippocampus of aluminum-intoxicated rats (Papetti et al. 2006) .
Flavonoids are well known as powerful antioxidants. Therefore, it is valuable to evaluate the potential of antioxidant activity in Epimedium koreanum Nakai. Although the antioxidant activity of the flavonoids in Epimedium koreanum Nakai had been reported (Wang et al. 2007) , only six flavonoids were compared by DPPH radical scavenging assay and no correlation between total phenolic and total flavonoids contents and antioxidant capacities was reported. In recent years, some investigations on the comparison of the different tissues of folk medicine have been conducted for the synthetic application (Zhang et al. 2010a) . Though all plants have antioxidant activity, the most effective part (leaf or stem), the most effective fraction and constituents in Epimedium koreanum Nakai are still unknown till now. There was hardly any document reported the total phenolic and total flavonoids distribution in Epimedium leaves (EL) and Epimedium aerial stem (EAS). So a systematic study of the contents of the total phenolic, total flavonoids, icariin and antioxidant activities of extracts and fractions in different parts of Epimedium koreanum Nakai is necessary.
In this study, the objective was to evaluate the antioxidant activities and the contents of antioxidant compounds (flavonoid, icariin and phenolic contents) of different extracts and fractions in different parts (leaves and stem) of Epimedium koreanum Nakai. Moreover, correlations between the contentd of antioxidant compounds and antioxidant activities are also evaluated.
Materials and methods

Chemicals
2, 2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu's phenol reagent was obtained from Sigma-Aldrich (St. Louis, MO). Icariin was bought from National Institute for the Control of Pharmaceutical and Biological Products (Tianjin, China). HPLC solvents were obtained from Concord Technology Co., Ltd (Tianjin, P.R. China). All other chemicals and reagents were purchased locally and were of analytical grade.
Plant material
Leaves and stem of Epimedium koreanum Nakai (Berberidaceae), collected in August 2009 at Kuandian County, Liaoning Province, PR China, and were authenticated by associate Prof. Haixia Chen. Voucher specimens were deposited in the herbarium of this Key Laboratory. The leaves and stem were air dried and then pulverized into a homogeneous size by a disintegrator (FW100, Tianjin Taistite Instrument Co., LTD, Tianjin, China) and then sieved (30-40 mesh).
Extractions
The powder of leaves (20 g) and stem (20 g) were macerated separately at room temperature with ethanol 85% (v/v) for fives days with daily shake-up. The leaves and stem powder repeatedly extracted for 3 times with ethanol (85%, v/v) at room temperature. After filtration, the two extracts were evaporated under reduced pressure to remove the ethanol. Each extract was suspended in water and partitioned successively with petroleum ether, ethyl acetate and n-butanol.
Determination of total phenolics content
Total phenolics were determined by the Folin-Ciocalteu method (Zhang et al. 2010b) . Briefly, 0.5 ml of each sample was mixed with 0.5 ml of the Folin-Ciocalteu reagent and 0.5 ml of 100 mg/ml sodium carbonate (added 2 min after the FolinCiocalteu reagent). After initial mixing the opaque flasks were allowed to stand for 2 h. The optical density of the bluecolored samples was measured at 765 nm in a Shimadzu-UV-1201 (Shimadzu, Kyoto, Japan) spectrophotometer. Gallic acid was used as standard. The total phenolic content was expressed as mg gallic acid equivalent (GAE)/100 g DW.
Determination total flavonoids content
The amount of total flavonoids was measured by colorimetric assay (Jia et al. 1999 ). An aliquot (1 ml) of extracts or standard solution of quercetin was added to a 10 ml volumetric flask containing 4 ml of distilled H 2 O. 0.3 ml of 5% NaNO 2 was added to flask. After 5 min, 0.3 ml of 10% AlCl 3 was added. At 6 min, 2 ml of 1 M NaOH was added to the mixture. Immediately, the reaction flask was diluted to 10 ml Absorbance of the mixture was determined at 510 nm versus a blank. Total flavonoids of the extracts were expressed on an extracts weight basis as mg quercetin equivalents/g dry sample.
The results were reported in quercetin equivalent (QE) per g of sample. All the measurements were taken in triplicate, means and standard deviation values were calculated.
HPLC system for analysis of icarrin in EL extracts and EAS extracts HPLC analysis was performed using Shimadzu LC-10AT HPLC (Shimadzu Company, Japan) and chromatographic separations were performed on a YMC ODS-C18 reversedphase column (5 μm, 250 mm×4.6 mm i.d., YMC Co. Ltd, Kyoto, Japan) equipped with an Analytical KJ0-4282 C18 guard cartridge system (Phenomenex, Torrance, CA, USA).
The mobile phase consisted of methanol (A) and water (B). Baseline separation of icariin was achieved with an elution program as follows: 54% A held until 60 min. The UV detector was set at the wavelength of 270 nm. The flow rate was 1 ml/min, injection volume was 20 μl. Samples and mobile phases B were filtered through 0.45 μm Millipore filters. Mobile phases A was filtered through 0.22 μm Millipore filters. Column temperature was maintained at 25°C and the retention time for icariin were about 22 min. Flavonoids compounds were identified and quantified by comparing their retention time and absorption spectra of icariin peaks. The working calibration curves based on reference compounds of icariin showed good linearity over the range of 4.75 -235 μg/ml. The regression lines were Y=40456X+22622 (R 2 =0.9993, n=6), where Y is the peak area of analysis, and X is the concentration of reference compound (μg/ml).
Antioxidant capacity determined by DPPH radical scavenging activity
The DPPH radical scavenging activity of the extracts and fractions were determined according to our previous studies (Chen et al. 2009 ). Briefly, extracts of the leaves and stem of Epimedium koreanum Nakai was dissolved in 10 ml of absolute ethanol to give a final concentration of 1 mg/ml, then 2.9 ml of 120 μM DPPH in ethanol were added to 0.1 ml of the extract solution. After shaking the mixture vigorously, the decrease of absorbance was measured at 517 nm until the reaction reached a plateau. Absolute ethanol was used as the control and ascorbic acid, a stable antioxidant, was used as a synthetic reference. The DPPH radical-scavenging activity in percentage of sample was calculated according to the following equation: DPPH scavenging; activity ð%Þ ¼ 1À ð A 517 sample=A 517 DPPH solutionÞ Â 100.
Inhibitory effect on lipid peroxidation induced by Fe 2+ /ascorbate (MDA)
The inhibition of lipid peroxidation was assayed according to the method of Anup (Anup et al. 2006) . Antioxidant of the different extracts could reduce the malondialdehyde (MDA) content. The mice livers were then cut into small pieces and homogenized in normal saline. The reaction mixture was composed of tissue homogenate 0.5 ml, phosphate buffer (50 mM, pH 7.4) 0.9 ml, FeSO 4 (0.01 mM) 0.25 ml, ascorbic acid (0.1 mM) 0.25 ml, and 0.1 ml of different concentration(4000, 2000, 1000, 500 and 250 μg/ml) of the extracts and the standard sample. The reaction mixture was incubated for 30 min at 37°C and the reaction was terminated by adding 1 ml of Trichloroacetic acid (20% w/v) to the mixture. The mixture was incubated with 1 ml of thiobarbituric acid (0.67%) for 15 min at 100°C, and use the freezing water to terminated the reaction. After centrifugation at 3000× g for 15 min, the absorbance of the supernatant was detected at 532 nm. Tocopherol was used as the positive control.
Measurement of ferric reducing power (FRP)
The reducing power of the extracts and fractions were determined using the method of Cheng (Cheng et al. 2008 ).
The solution (0.5 ml) at different doses were mixed with phosphate buffer (0.5 ml, 0.2 M, pH 6.6) and potassium ferricyanide [K 3 Fe(CN) 6 ] (0.5 ml, 1%). The mixture was then incubated at 50°C for 20 min. A portion of trichloroacetic acid (0.5 ml, 10%) was added to the mixture, which was then centrifuged for 10 min at 3000× g. The upper layer of solution (0.5 ml) was mixed with distilled water (0.5 ml) and FeCl 3 (0.1 ml, 0.1%) for 10 min, and then the absorbance was measured at 700 nm in a spectrophotometer, with higher absorbance indicating greater reducing power. All the measurements were taken in triplicate and the mean values were calculated.
Statistical analysis
The data were expressed as means±standard error (SD) and analyzed using SPSS (version 13.0). One-way analysis of variance (ANOVA) and Tukey multiple comparisons were carried out to test any significant differences between the means. Differences between the means at the 5% confidence level were considered significant. IC 50 values from the in vitro data were calculated by regression analysis. Each experiment was repeated three times. Correlation coefficients (r) to determine the relationship between variables were calculated using the Bivariate correlation statistical function.
Results and discussion
Extraction yield
As can be seen from Table 1 , the yields of stem and leaf extracts and fractions were in the same order of: ethanol extract>n-BuOH fraction>ethyl acetate fraction>petroleum ether fraction>water fraction. Compared with those of stem, the yields of leaf extracts and fractions were higher with the yields of ethanol extract and the n-BuOH fraction of 35.40 and 22.3 g/100 g dry weight material.
Total flavonoids content, total phenolic content
The content of the total phenolic compounds of ethanol extract (EE) and its different fractions (petroleum ether fraction, PEF; ethyl acetate fraction, EAF; n-butanol fraction, nBF and water fraction, WF) from the leaves (EL) and aerial stem (EAS) of Epimedium koreanum Nakai expressed as gallic acid equivalents is shown in Table 2 .
Results showed that nBF in the leaves of Epimedium koreanum Nakai samples contained the highest amount of total phenolic compounds followed by EAF, PEF, EE and WF, respectively. There was the similar tendency in phenolic content of the extract and fractions of the aerial stem of Epimedium koreanum Nakai. Compared with the samples of EAS (phenol content were 75.81 mg GAE /g and 38.02 mg GAE /g for nBF and EAF, respectively), the samples of EL had the higher phenolic contents (phenol content were 182.99 mg GAE /g and 102.41 mg GAE /g for nBF and EAF, respectively). It was observed that the crude ethanol extract had a lower phenolic content as compared to the ethyl acetate fractions and n-butanol fractions. Since Epimedium species are known to be rich in flavonoids, the contents of total flavonoids (TF) in the ethanol extracts and fractions from leaves and aerial stem of Epimedium koreanum Nakai were investigated (Table 2) . In terms of different tissues, the total flavonoids content was higher in the leaves than that in the stems. The amounts of TF in different extracts and fractions varied widely, ranging from 5.44 to 67.41 mg QE/g. For the samples of EL, nBF had the highest TF content (67.41 mg QE/g) and followed by EAF, EF, PEF and WF. The tendency EAS samples were similar to those of EL, in which WF had the lowest TF content (5.44 mg QE/g). The positive correlation between phenolic content and antioxidant potential of various plant extracts had been well demonstrated in prior reports (Abdalbasit et al. 2009 ). Therefore, the high content of total phenols and total flavonoids in leaf fractions of Epimedium koreanum Nakai might indicate the strong antioxidant properties.
Identification of icariin using HPLC
Icariin is one of the main flavonoids of Epimedium koreanum Nakai with many bioactivities. Determination of Values are presented as mean±SD (n=3). a EE ethanol extract; PEF petroleum ether fraction; EAF ethyl acetate fraction; nBF n-butanol fraction; WF water fraction.
icariin in the different extracts and fractions of leaves and stems of Epimedium koreanum Nakai was carried out by HPLC analysis. The substance was identified by a comparison of the retention time and ultraviolet spectra with icariin. The retention time of icariin was about 23.3 min (Fig. 1 ) and the icariin content were shown in Fig. 2 . Icariin was found to be one of the major components in the EAF and nBF fractions. The EAF fractions had the higher contents of icariin with 4.42 and 4.16 mg/100 g DW for EL and EAS, respectively. While the WF fractions of EL and EAS had the lowest icariin contents with 0.061 and 0.038 mg/100 g DW, respectively.
DPPH radical scavenging activity
The DPPH assay is used as tool for the in vitro evaluation of extracts and fractions, and its results can indicate the presence of phenolic and flavonoids compounds in plant extracts (Rice-Evans et al. 1996) . Brand-William et al. established the DPPH method (Brand-Williams et al. 1995) and it has been widely used to test free radical-scavenging ability of various samples in present studies. The DPPH radical scavenging activities of the extracts and fractions were dose-dependent ( Fig. 3a and b) . Both nBFs from leaves and stem of Epimedium koreanum Nakai exhibited high scavenging activity toward DPPH with the IC 50 values (the amount of antioxidant material required to scavenge 50% of free radical in the assay system) of 1.10 and 1.97 mg/ml, respectively (Table 2) . While the IC 50 values were found to be the least in WF fractions of leaves and stem (12.69 and 93.26 mg/ml). It seemed that nBFs were superior to all extracts and fractions tested with regard to scavenging abilities. The IC 50 values of extracts and fractions of leaves were significantly lower than stem in DPPH free radicals assay. The results were not fully agreed with Boligon's study (Boligon et al. 2009 ), in which very good antioxidant activities were found for the butanolic and ethyl acetate fractions from both stem bark and leaves, with similar antioxidant profiles. In addition, the considerable differences might depend on the distinct distribution of the antioxidant constituents in which the plant has biosynthesized. Leaves antioxidant activity was found to be similar to the well known antioxidant ascorbic acid used as a reference. The results suggested that our extraction procea b icariin icariin Fig. 1 HPLC analysis of icarrin. a Typical chromatogram for icarrin at the concentration of 117 μg/ml; retention time= 23.3 min; b Typical chromatogram for fraction sample at the concentration of 500 μg/ml; retention time=23.6 min dures could concentrate more active compounds in nBF fractions by successively extracted with petroleum ether, acetic ether, and n-butyl alcohol. As active compounds present in medicinal plants are in low concentrations, applying selective solvents for the extraction procedure is recommended.
Determination antioxidant capacity by MDA Lipid peroxidation is an oxidative alteration of polyunsaturated fatty acids in the cell membranes that generates a number of degradation products. MDA (malondialdehyde), one of the products of lipid peroxidation, has been studied widely as an index of lipid peroxidation and as a marker of oxidative stress (Ardestani and Yazdanparast 2007) . The addition of different extracts and fractions from leaves and stem of Epimedium koreanum Nakai to the liver lipid peroxide induced by FeSO 4 -ascorbic acid significantly reduced TBARS formation. Very good antioxidant activities were found for the EtOAc and n-BuOH fractions from both leaves and aerial stem with the IC 50 of 1.69 and 2.26 mg/ ml, 0.82 and 0.90 mg/ml, respectively ( Table 2 ). The water fractions had the lowest inhibition of lipid peroxidation with the IC 50 of 2.52 mg/ml for leaves and 5.30 mg/ml for stem. Even in the leaves, the IC 50 values of nBF fraction were as four times better than that of water fraction. This fact could be explained on the basis of the similarity between compounds with high antioxidant activity extracted by these organic solvents. Many other studies have demonstrated that butanolic and ethyl acetate fractions are good sources of antioxidant com- Fig. 2 The icariin contents of different extracts and fractions from leaves (EL) and stem (EAS) of Epimedium koreanum Nakai. EE ethanol extract; PEF petroleum ether fraction; EAF ethyl acetate fraction; nBF n-butanol fraction; WF water fraction pounds (Schubert et al. 2007; Tseng et al. 1997; Turkmen et al. 2006; Tung et al. 2007) . Compared with the extract and fractions from stem, the extracts and fractions from leaves were found to own higher antioxidant activity. The IC 50 value for nBF fractions was 0.82 mg/ml, which was significantly smaller than that for the positive control tocopherol (2.50 mg/ml). The inhibition of lipid peroxidation of the fractions might be caused by the absence of ferryl-perferryl complex or by scavenging hydroxyl radicals or by chelating the iron ions. The results suggested that the nBF fraction of Epimedium koreanum Nakai might be a good source of antioxidant.
Measurement of ferric reducing power (FRP)
Transition metals are known to play key roles in lipid peroxidation in both biological and food system. Particularly, reaction of ferrous iron with hydrogen peroxide generates the hydroxyl radicals, which are the most reactive and detrimental reactive oxygen. The ferric reducing power (FRP) assay is a simple assay that gives fast, reproducible results (Benzie and Strain 1996) . The FRP is versatile and can be readily applied to both aqueous and alcohol extracts of different plants. In this assay, the antioxidant activity is determined on the basis of the ability to reduce ferric (III) iron to ferrous (II) iron (Wong et al. 2006) , the value reflects the reducing power. As evident in Fig. 3 (c and d) , a dose-dependent ferric reducing power was observed for these samples. The greater reducing power of EAF and nBF fractions from leaves and stem of Epimedium koreanum Nakai correlated with their marked antioxidative action, indicating the possible contribution of reducing power to this activity. When the concentration was at 1.0 mg/ml, the reducing power of the extract and fractions from leaves decreased in the order, nBF>EAF>PEF>EE>WF, while the decreasing order was nBF>EAF>PEF>EE>WF for the extract and fractions from stem. These results were also correlated with the flavonoids and phenolic content, the major active substance with the higher antioxidant activity.
Correlation of phytochemical contents with antioxidant activities
The beneficial effects of plant phenols and flavonoids have been attributed to their antioxidant properties, including their ability to scavenge superoxide anions, and hydroxyl and nitric oxide radicals, and to inhibit lipid peroxidation in a variety of experimental systems. Recent reports have established a highly positive relationship between total phenols or flavonoids and antioxidant activity in many plant species (Zhang et al. 2010a, b) . To explore the influence of antioxidant compounds on the antioxidant capacity in Epimedium koreanum Nakai, correlations coefficients of the total phenolic, total flavonoid and icariin content using MDA and DPPH activities are shown in Table 3 . For the leaves of Epimedium koreanum Nakai, the results showed that the total phenolic content and total flavonoid content correlated highly with MDA and DPPH activities (R 2 = 0.9935, 0.9944 and 0.9987, 0.9880, respectively). Furthermore, the correlation coefficient of the icariin content with MDA and DPPH activities was the highest (R 2 =0.9997 and 0.9836, respectively) in the present study. However, for the stem of Epimedium koreanum Nakai, the correlations of total phenolic, total flavonoids and icariin with DPPH and MDA activity were from 0.6140 to 0.9958. The coefficient of icarrin was not fully accord with that of total phenolic and total flavonoid, which suggested that icariin was one of the main antioxidant constituents of Epimedium koreanum Nakai. Full identification and characterization of candidate compounds that may account for the antioxidant activity of Epimedium koreanum Nakai requires further study.
Conclusions
In conclusion, it was demonstrated that Epimedium koreanum Nakai possesses effective antioxidant activity, which included free radical and ferric reducing power and lipid peroxidation inhibition, especially the nBF and EAF fractions from leaves of Epimedium koreanum Nakai which due to the high contents of total phenolic, total flavonoid and icariin. These parts might possibly be valuable antioxidant natural sources and seemed to be applicable in both healthy medicine and food industry. 
